Background: Black men exhibit a high prevalence of vitamin D deficiency as well as a higher incidence of prostate cancer and higher mortality rates from prostate cancer than Whites. There are few data about the effect of vitamin D3 (cholecalciferol) supplementation on prostate-specific antigen (PSA) in healthy Black men.
Introduction
A number of studies have suggested that low levels of vitamin D may account for higher prostate cancer mortality in Blacks (1) . The major risk factors for prostate cancer-older age, black race, and residence at northern latitudes-are all associated with lower synthesis of vitamin D (1) . Prostate cancer cells have vitamin D receptors that convert 25(OH)D to 1,25(OH) 2 D via 1-a-hydroxylase (1) . Some studies have found that administration of 1,25 (OH) 2 D can slow or moderate the rate of prostate-specific antigen (PSA) increase in patients with advanced prostate cancer (2) (3) (4) . Other studies have observed no effect of vitamin D supplementation on PSA (5, 6) . To summarize, findings about the effects of vitamin D on PSA are mixed (7) (8) (9) (10) . Most studies, however, have assessed this association among small (11) , nonminority patient populations, and when supplementation has been studied, the administration period has been relatively short (i.e., days or weeks; ref. 12). To our knowledge, this is the first study to examine the preventive benefits of vitamin D intake on PSA levels among men without a cancer diagnosis.
Materials and Methods
This study was conducted as part of a prospective, randomized, double blind, placebo-controlled clinical trial of vitamin D3 in a healthy Black population. The main aim of the study was to examine the effect of daily supplementation (placebo, 1,000 U, 2,000 U, and 4,000 U) of vitamin D3 on plasma 25(OH)D levels. All capsules also contained 200 mg of calcium. Details of study procedures are presented elsewhere. Participants received supplementation during early winter (November or December) and were taken orally once daily for 3 months (completed in February or March).
The primary endpoints of the study were changes in total and free PSA from baseline to 3-month follow-up (after supplementation). Total and free PSA was measured separately by a sandwich electrochemiluminescence immunoassay on the 2010 Elecsys autoanalyzer (Roche Diagnostics). The lowest detection limit of the total PSA assay is 0.002 ng/mL and the day-to-day imprecision values at concentrations of 0.30, 4.76, and 51.1 ng/mL are 2.4%, 2.9%, and 3.8%, respectively. The lowest detection limit of the free PSA assay is 0.01 ng/mL and the day-to-day imprecision at concentrations of 0.17, 1.36, and 24.30 ng/mL are 4.5%, 4.9%, and 4.2%, respectively.
Statistical power and analysis
Statistical power for this trial was based on the intent-totreat population of 80 subjects per arm. Using a two-sided t test at the 0.05 significance level, the minimum detectable difference in 25(OH)D between treatment arms was 5.3 with 80% power. All statistical analyses were performed using SAS 9.2 (SAS Institute). Differences in the baseline characteristics of participants across the four treatment groups were compared using the Kruskal-Wallis test for continuous variables and x 2 test for categorical comparisons. The primary endpoints were 3-month change in total and free PSA at the end of treatment. For our primary analysis, we used linear regression with the dose of vitamin D3 (per 1,000 U/d) as the independent variable and the 3-month change in total PSA (or 3-month change in free PSA) as the dependent variables. This targeted population of healthy vitamin D-deficient Black males allows for small sample size with adequate power to test the hypothesis that vitamin D supplementation lowers PSA.
All participants provided written informed consent. The project was approved by the Institutional Review Boards of Harvard School of Public Health and DanaFarber Cancer Institute. All procedures were followed in accordance with institutional guidelines. (Table 1) . Oral vitamin D supplementation produced no change in the plasma levels of PSA (Table 2) . We examined the influence of 25(OH)D level at 3 months on the free and total PSA levels. No significant effect of 25(OH)D level at 3 months on free and total PSA (P > 0.05) was observed. Narrow confidence intervals for the differences in the means (month 3 À month 0 for free and total PSA) suggest adequate precision to reject the null hypothesis. An interaction between baseline 25(OH)D and vitamin D supplementation was assessed with free and total PSA as the outcomes and no significant association (P > 0.05) was found.
Discussion
To our knowledge, this is among the first randomized placebo-controlled trials to examine the impact of oral vitamin D3 supplementation on PSA in a healthy Black male cohort. Vitamin D3 supplementation did not alter PSA levels in this relatively young cohort despite a clear trend in the change of follow-up serum 25(OH)D concentrations with increasing doses of supplemental vitamin D3. Vitamin D promotes the differentiation of prostate cancer cells, highlighting the possibility that vitamin D deficiency over time may contribute to the progression from subclinical prostate cancer to clinical disease (13) . Prior research has shown that vitamin D deficiency is an indicator of aggressive prostate cancer and spread of the disease in men who underwent their first prostate biopsy because of an abnormal PSA test (14) . Furthermore, a dose-response relationship between tumor grade and vitamin D levels was observed (14) . In a study of patients with prostate cancer (Gleason 6 or 7), oral vitamin D3 (400, 10,000, or 40,000 U/d) administered before prostatectomy, raised prostate calcitriol levels and lowered PSA (12) . In a study of early-stage low-risk prostate cancer patients given vitamin D3 4,000 U/d for 1 year, a decrease in the number of positive cores at repeat biopsy was observed in more than half of the participants without a change in PSA (15) .
Strengths of this study include the use of healthy Black men without prior prostate cancer. Our multiple doses of vitamin D3 allowed us to examine whether vitamin D supplementation is associated with plasma levels of PSA, and whether a threshold effect exists within this association. The narrow confidence intervals for the outcome values highlight the adequate sample size for testing the hypothesis that vitamin D supplementation reduces PSA in Blacks in a dose-dependent manner. The time frame during which vitamin D protects against prostate cancer is unknown. Limitations of our study include the fact that PSA is not an ideal endpoint for assessment of prostate cancer risk, as it may also be indicative of a number of other noncancerous outcomes. Given the high prostate cancer incidence and mortality in Black men combined with vitamin D deficiency, future trials of vitamin D3 supplementation for longer duration are needed to evaluate the possible clinical benefit of vitamin D3 supplementation for prostate cancer prevention.
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